The 3' half of the first intron of the human axl(I) collagen gene interacts with the promoter to regulate transcription. We questioned whether this intronic sequence also exerted its effect when placed 5' to the promoter. In transient transfection assays using several cell lines, little or no stimulation of al(l)-driven chloroamphenicol acetyltransferase transcription was observed. We conclude that transcriptional control of the al(I) gene is dependent on a complex series of interactions that require both orientation and position specificity of the intronic segment.
INTRODUCTION
A number of studies have implicated the first intron in the transcriptional regulation of the al(I) collagen gene [1] [2] [3] [4] [5] . Rossouw et al. [5] first reported that a 786 bp endonuclease-Smal fragment, comprising approximately the 3' half of the first intron, markedly enhanced expression of chimaeric collagen-a-globin gene plasmids when introduced by microinjection into Xenopus oocytes. Enhancement was seen when the intronic fragment was placed in either orientation in the first intron of the globin gene, driven by a short (to -253) collagen promoter; a 100-fold enhancement was also observed when a similar construct was introduced by DNA transfection into NIH-3T3 cells. When the same intronic fragment was cloned in the positive orientation, 5 ' to a longer (to -950) collagen promoter, an 18-fold enhancement was seen in Xenopus oocytes, but no effect was noted in the negative orientation.
Our own work has not produced findings in total agreement with those mentioned above. An intronic fragment of 550 bp that partially overlapped the 786 bp fragment used by Rossouw et al. [5] was neutral when cloned 5' to a collagen promoter-chloramphenicol acetyltransferase (CAT) gene and tested in chicken tendon fibroblasts (CTF); the same fragment produced a 2-fold reduction in CAT activity in the negative orientation [1] . Furthermore Vol. 265 first intron in the regulation of transcription of the human acl(I) collagen gene [2] , we thought it important to determine whether we could confirm the existence of an enhancer of the type proposed by Rossouw et al. [5] in the 3' half of the first intron.
EXPERIMENTAL
We modified a previously described plasmid, pCol-CAT [3] (where 'pCol' refers to the collagen promoter), by the introduction of an SmaI fragment, extending from 822 to 1607 in the first intron of the human ocl(I) gene, into a blunt-ended BamHI site 5' to the collagen promoter (Fig. 1) . This fragment is identical with that used by Rossouw et al. [5] in their studies of the human al(I) gene. In addition, a similarly sized SmaI fragment, located between -800 and -2300 in the al(I) gene, was cloned into the same blunt-ended site. In order to assess the effect of promoter length on the ability of the intronic fragment to stimulate transcription, we obtained from Dr. S. Boast and Dr. F. Ramirez (SUNY Downstate Medical Center, Brooklyn, NY, U.S.A.) analogous CAT-based plasmids in which the intronic SmaI fragment was cloned 5', in either orientation, to a collagen promoter extending from -804 (HindIII) to + 114 (XbaI).
Plasmids were introduced by the calcium phosphate co-precipitation technique [3, 6] into (a) human foreskin fibroblasts (HFF), (b) a human fibroblast-like line derived by simian-virus-40 transformation of bone-marrow stromal cells (SV-MSC [7] ), (c) CTF and (d) NIH-3T3 cells. Efficiency of uptake of DNA was monitored by co-transfection with (a) a plasmid containing the ,-galactosidase gene driven by the Rous-sarcoma-virus long terminal repeat (RSV-LTR), (b) an RSV-LTRluciferase plasmid [8] or (c) a metallothionein I-hGH plasmid [9] . Results were comparable when any of the three transfection control plasmids was used. CAT activity was measured primarily by a non-chromatographic phase-partition assay [10] , but values obtained with the conventional chromatographic separation of acetylated chloramphenicol [6] were comparable. RESULTS AND DISCUSSION The results of our experiments are summarized in Fig.  2 . There was little or no effect of the 786 bp SmaI intronic fragment when placed 5' to a short (to -331) collagen promoter and introduced into either HFF or SV-MSC cells ( Fig. 2; constructs 1-4) . The 2-fold stimulation observed with the 786 bp fragment in the positive orientation in HFF was no greater than that seen with a similarly sized fragment derived from the 5' flanking sequence of the a 1(I) gene. In CTF, and possibly in NIH-3T3 cells, there was a modest (2-fold) inhibition of CAT activity, but only when the fragment was placed in the negative orientation ( Fig. 2; construct 3) . The same results were obtained by us in CTF using a 552 bp intronic fragment extending from nucleotide 855 to nucleotide 1407 [1] . We did not observe the 18-100-fold stimulation (depending on position, orientation and length of promoter) reported by Rossouw et al. [5] for the 786 bp intronic fragment. pSV2-CAT [6] yielded CAT activity that was only about 2-fold higher than pCol-CAT ( Fig. 2; construct 8 ), since the collagen promoter is highly active in fibroblast-like cells. A similar observation was made by Rippe et al. [4] . A promoterless CAT construct produced CAT activities that were only slightly above background ( Fig. 2; construct 9 ).
Since the ability of the 786 bp intronic fragment to serve as an enhancer could depend on the length of the collagen promoter with which it presumably interacts, we also tested the transcriptional activity of plasmids containing a collagen promoter that extends to -804 ( Fig. 2; constructs 5-7 ). The addition of the intronic fragment in either orientation had essentially no effect in SV-MSC cells. In CTF a modest (2-fold) inhibitory effect may exist, but more determinations will be required to substantiate this result. It should be noted that other investigators have observed a significant stimulation in CAT activity when constructs 6 and 7 ( Fig. 2) [4] , who were also unable to detect a strongly positively acting element in this region of the first intron of the mouse al(I) gene. Nevertheless, we believe that this region of the intron is involved in transcriptional regulation of the gene, since there is orientation specificity of these sequences in situ and there is evidence for interaction with the promoter [2] . The findings reported here are consistent with an emerging picture of a complex interplay of multiple intronic elements interacting with promoter sequences via DNAbinding proteins to effect transcriptional regulation of the al(I) collagen gene [2] .
